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INTRODUCTION
Oesophageal stricture due to corrosive injury has been cited as a risk factor for squamous cell carcinoma of the oesophagus [1] . The possibility and pathogenesis of the increased risk of oesophageal squamous cell carcinoma following caustic injury remain uncertain [2] . The incidence of cancer in patients with corrosive strictures has been estimated to be 2.3% to 6.2%, and a history of caustic ingestion was present in 1% to 4% of patients with oesophageal cancer [3] . Neither dilatation treatment nor oesophageal bypass surgery can prevent the development of oesophageal carcinoma, the incidence of which is high after caustic substance ingestion [4] . Malignant transformation should be suspected in patients with longstanding corrosive ingestion if there is a change in their symptoms, as early diagnosis can improve the outcome [5] . It was found that genetic factors play a minor role in the pathogenesis of oesophageal cancer [6, 7] . Epithelial dysplasia has been assumed to be a precancerous lesion of the oesophagus, which is usually preceded by chronic oesophagitis [8, 9] . The most frequently encountered histopathological changes in patients with post-corrosive stricture are epithelial hyperplasia, focal hyperkeratosis, and mixed inflammatory exudates in the subepithelium [1] . Considering that oesophageal squamous dysplasia (ESD) is the pre-neoplastic lesion for oesophageal squamous cell carcinoma (ESCC) provides the possibility of not only screening for early stage ESCC but also screening for and treating the pre-neoplastic lesion itself [10] . Chromoendoscopy with Lugol's iodine staining efficaciously identifies subjects with dysplasia [11] . The negative-image "unstained lesions" (USLs) after spraying iodine can be endoscopically targeted for biopsy and/or focal endoscopic therapy [10] . The routine endoscopic biopsy of normal-appearing mucosa or biopsies guided by tissue staining with Lugol's solution may increase the detection of dysplasia or early oesophageal cancer [12] . This study was designed to screen post-corrosive children for the risk of development of oesophageal mucosal dysplasia to assess the safety of prolonged endoscopic dilatation of postcorrosive oesophageal stricture.
MATERIALS AND METHODS
Study design
The present study is an observational study that included 100 children with an established diagnosis of post-corrosive oesophageal stricture who were engaged in repeated endoscopic dilatation sessions for more than 6 months. The study was conducted at the Paediatric Endoscopy Unit, Cairo University Paediatric Hospital, from March 2015 to September 2016.
Ethical considerations
The study protocol was approved by the Research Ethics Committee of the Paediatrics Department, Faculty of Medicine, Cairo University, Egypt. The research was conducted in accordance with the Helsinki Declaration. All patients were enrolled in the study after informed consent was obtained from their parent/guardian.
Participants
The age of the enrolled patients of both sexes was older than 2 years. We excluded infants younger than 2 years of age and those with other causes of oesophageal stricture, e.g., post-tracheo-oesophageal fistula repair, congenital oesophageal stenosis, post-sclerotherapy and prolonged nasogastric intubation, peptic stricture, post-chemotherapy or radiotherapy stricture, and epidermolysis bullosa, as well as post-corrosive patients who had surgical repair either in the form of a colon bypass or gastric tube placement.
Assessment and evaluation
All patients were subjected to a full clinical assessment focusing on the age of onset of ingestion of the corrosive substance, type of corrosion, age at the time of enrolment in the study and number of dilation sessions. The patients'anthropometric measurements (weight, height), which were plotted on Egyptian growth curves (Standard Egyptian Growth, 2008), and the corresponding z-scores were obtained. All patients were evaluated via a barium swallow on the 21 st post-ingestion day. A medium density barium sulfate mixture was used for the single-contrast examination. Fluoroscopic spot films of the oesophagus, as well as overhead films (35.5 cm × 43 cm) in the anteroposterior and lateral positions, were obtained to determine the extent, length, and number of the strictures. Patients were advised to come to the endoscopy unit after 6 h of fasting. Upper gastrointestinal endoscopy was performed using a Silver Karl Storz Endoskope 13821 PKS with Storz Professional Image Enhancement System (SPIES) technology with an HD system and 100-watt xenon light source. Endoscopic bougie dilatation was performed using Savary Gilliard dilators (Cook Medical, Bloomington, IN, United States). An endoscope was first introduced to evaluate the anatomy, and bougies in sequentially increasing sizes were then passed over the guide wire that had been positioned with the tip in the gastric antrum. The initial dilator chosen should have been based on the known or estimated stricture diameter. To avoid complications in the early stage of oesophageal stricture, the sizes of the dilators used were usually 7, 9, 10, 11, and 12.8 mm. After the final dilation, endoscopy was performed to assess the efficacy of the dilatation as well as complications such as bleeding or perforation of the oesophagus. After the dilation procedures, the patients remained fasting and were followed up for 2 h. The patients received anti-reflux treatment in between the dilatation sessions. The treatment was considered effective when patients were able to eat semi-solid or solid foods without dysphagia. The biopsy was performed after 6 mo of regular endoscopic dilation. Using biopsy forceps, the mucosal biopsies were procured from the stricture site during the endoscopic examination before dilation. All specimens were processed as formalin-fixed paraffin-embedded tissue blocks. Each block was cut into 5-μm-thick serial sections, which were mounted on glass slides. Sections were stained with haematoxylin and eosin. Stained sections were then examined using light microscopy. Under light microscopy, the examined sections were graded on a scale of 0-3 (0, absent; 1, mild; 2,moderate; 3, severe) according to the following parameters that were measured and recorded: thickness of the epithelial layer, basal cell hyperplasia(15%-20% of epithelial thickness), length of the papillae (> 1/3 the epithelial thickness), hyperkeratosis, amount of cytoplasm, nuclear atypia, nuclear/cytoplasm ratio, intraepithelial neutrophils, lymphoplasmacytic infiltrate, koliocytic and hydropic changes, intraepithelial vascular spaces, subepithelial fibrosis and squamous dysplasia. Each variable was graded as follows: low grade (abnormal cells limited to the basal half of the epithelium), high grade (abnormal cells present in the upper half) and indefinite for dysplasia (reactive epithelial atypia associated with a severe inflammatory reaction). There are two pathologists in this study. The pathologist No. 1 examined all of histology specimens. The pathologist No. 2 had just evaluated a part of histology specimens. Patients who had low-grade dysplasia were subjected to rebiopsy via chromoendoscopy after a period that ranged from 6 mo to one year from the initial pathological assessment. In the current study, Lugol's iodine solution was used to detect the dysplastic areas of the mucosa, and it was sprayed onto the oesophageal surface from the gastro-oesophageal junction to the upper oesophageal sphincter using the dye-spraying catheter through the biopsy channel. The use of Lugol's iodine ensured that the USLs were clearly visible after 5 min, allowing enough time for photographs to be recorded and biopsies to be conducted. From each unstained or lightly stained lesion, between one and three biopsies were collected for histopathological examination. The findings were recorded in tabular form. The group of patients who suffered from reactive epithelial atypia associated with a severe inflammatory reaction were followed regularly in our endoscopy unit, and a rebiopsy was subsequently planned.
Statistical analysis
Pre-coded data were entered into the computer using the Microsoft Office Excel software program (2010) The comparison between groups was performed using the chi-square test for qualitative variables. The one-way ANOVA test and t-test were used to compare group means, which are both parametric statistical methods. P-values less than 0.05 were considered statistically significant. Graphs were used to illustrate some information.
RESULTS
This study included 100 patients, and males represented 63% of the patients. The mean age of the patients was 5.9 ± 2.6 years. The mean age at the time of corrosive ingestion was 2.1 ± 1.1 years. The general examination of the patients revealed that the median and range of weight and height by Z-score were -1.20 (-10.81-1.91) and -2.11 (-5.82-0.61), respectively. Forty-seven patients (47%) were no more than the 3 rd percentile in weight, while seventy patients (70%) were no more than the 3 rd percentile in height (i.e., stunted growth). The majority (90%) of our patients ingested an alkaline substance (potash); 6% of them ingested a neutral substance (chlorine); and only 4% of them ingested an acidic substance (H 2 SO 4 ). All patients were evaluated on the 21 st post-ingestion day by barium swallow to determine the site, length and number of strictures. A long segment was determined radiologically by more than the length of two vertebrae, measuring approximately 4 cm. The total number of endoscopic dilatation sessions were ranging from 16 to 100 with mean number of sessions was 37.2 ± 14.9. Biopsy specimens were obtained from the oesophageal stricture site at the time of endoscopic examination before the dilatation using biopsy forceps after at least six-month duration of regular endoscopic dilatation.
Outcome data
According to the histopathological findings of specimens from the upper gastrointestinal endoscopy, the patients were subdivided into three groups, as shown in Figures 1-3 , and Table 1 .
Group A: Eighty-five patients (85%) had evidence of chronic oesophagitis in the form of hyperplastic mucosa, basal cell hyperplasia, intraepithelial inflammatory cells, dilated vascular spaces, hyperkeratosis and parakeratosis, hydropic changes, and subepithelial fibrosis.
Group B: Thirteen patients (13%) had evidence of reactive epithelial atypia/indefinite for dysplasia with heavy neutrophilic, intraepithelial, and inflammatory cell infiltration.
Group C: Only two patients (2%) had low-grade squamous dysplasia. The pathologist No. 2 had just evaluated a part of histology specimens, and all results were the same except for minor differences in few patients as described below. Patient No. 9, pathologist No. 1 described his biopsy as chronic oesophagitis indefinite for early dysplastic changes, while pathologist No. 2 described it as low grade dysplasia with evidence of epithelial cell disorganization, nuclear pleomorphism, hyperchromasia and cellular crowding. Chromoendoscopy was decided for patient No. 9 to obtain targeted biopsy from the dysplastic oesophageal mucosa, both pathologists examined the specimen blindly. The final result was the same for both pathologists as low grade dysplasia. Patient No. 33 and 45, pathologist No. 1 described their biopsy as chronic oesophagitis, while pathologist No. 2 described their biopsy as reactive epithelial atypia / indefinite for dysplasia due to heavy intraepithelial neutrophilic infiltration.
DISCUSSION
The majority (90%) of our patients ingested an alkaline substance (potash), while 6% of them ingested a neutral substance (chlorine) and only 4% ingested an acidic substance (H 2 SO 4 ). This result may be attributed to the fact that in liquid form, bases are tasteless and denser than water [13] , while strong acids are bitter and are commonly expectorated [4] . Potash is potassium hydroxide, it used in oven cleaners, liquid agents, liquid drain cleaners, disk batteries household cleaners, dishwater detergents [12, 13] . The median and range of patients' weight and height by Z-score were -1.20 (-10.81-1.91) and -2.11 (-5.82-0.61), respectively. Forty-seven of the patients (47%) were no more than the 3 rd percentile in weight, while seventy patients (70%) were no more than the 3 rd percentile in height, which reflects stunted growth and nutritional compromise as a complication of corrosive stricture [14] . Bouginage using Savary-Gilliard or American type of technique, irrespective of the type and the extent of oesophageal stenosis, is safe and purposeful procedure [15, 16] . We used bougie dilators for three reasons; 74% of our patients had long segment oesophageal stricture, we unified the method of dilation for all included patients to avoid the confounding variables and due to financial issues in our LMIC's, balloon dilators are an expensive, especially it was single use method. The oesophageal stent was not available in our institute due to financial issues. In the present study, the histopathological findings of endoscopic oesophageal biopsies revealed that eighty-five patients (85%) had evidence of chronic oesophagitis and irritation in the form of basal cell hyperplasia, intraepithelial vascular spaces, hyperkeratosis and parakeratosis, hydropic changes, and subepithelial fibrosis, in accordance with the results obtained by Nagaich et al [1] , who reported that epithelial hyperplasia, focal hyperkeratosis, and mixed inflammatory exudates in the subepithelium were the predominant histological findings of the biopsies in caustic oesophageal stricture patients. More than half (50.5%) in this group was healed and required no further dilatation. In this study, the definite diagnosis of dysplasia was difficult in thirteen of our patients (13%) who were classified as reactive epithelial atypia/indefinite for dysplasia due to the heavy inflammation and neutrophilic intraepithelial inflammatory cellular infiltration. This group of patients was being followed regularly, and a biopsy was subsequently planned for these patients. This was similarly stated by Attila et al [17] , who said that the presence of intraepithelial inflammatory cellular infiltration is well recognized by pathologists to be a confounding factor in the diagnosis of dysplastic lesions, as inflammation causes reactive changes within the cells, which can be very similar to that of dysplasia. Eleven out of thirteen in this group was healed and required no further dilatation. In the present study, only two patients (2%) had low-grade dysplasia and underwent a three-year period of dilatation; one of them was 14 years of age, and the other patient was five years of age. They are still on regular endoscopic dilatation sessions. Other studies reported that the incidence of cancer in patients with corrosive strictures has been estimated to be 2.3% to 6.2%, and a history of caustic ingestion was present in 1% to 4% of the patients with oesophageal cancer in the study of Isolauri et al [3] . However, another study by Nagaich et al [1] revealed no cases of dysplasia reported on histopathological examination of endoscopic biopsies from patients older than 3 years of age with caustic oesophageal strictures who had undergone more than 10 years of dilatation [1] . This result may be explained by the statement of Allam et al [6] that children do not experience a long enough period of chronic oesophagitis to reach a state of dysplasia. Kavin et al [18] the initial biopsy before the first bougie dilatation in post corrosive patients revealed very minimal histopathological abnormalities, suggesting the possibility that the trauma of repeated bougie dilatation may be a promoter in the ultimate development of dysplasia. This finding is in accordance with this study. Specifically, patients with evidence of reactive atypia or low-grade dysplasia on histopathological examination of their biopsies had a greater mean number of endoscopic dilatation sessions; however, statistical significance was not achieved. However, patients with evidence of chronic oesophagitis had a significantly lower mean number of endoscopic sessions (P < 0.05). In 2015, Nagaich et al [1] studied the histopathological changes and safety of chronic dilatation (mean duration of 10 years) in reference to the occurrence of dysplastic changes and reported no risk from chronic dilatation. This result enforced the safety of repeated endoscopic dilatation in our study; no statistical significance was found between the pathological criteria (i.e., chronic irritation, reactive epithelial atypia, or low-grade dysplasia) of the oesophageal mucosal biopsies in the three groups and duration of endoscopic dilatation of more than two years. There is a long latency period (12-41 years) between ingestion of caustics and the development of malignancy [6, 19, 20] . Jain et al [20] reported the first case from India of a 14-year-old boy with an associated 1-year history of accidental caustic ingestion who developed ESCC along with cervical lymph node metastasis. In this study, the duration since corrosive ingestion was 3.5 and 3 years in two cases with mild-grade dysplasia. Karwasra et al [8] and Zhen et al [9] reported that dysplasia is a precancerous lesion of ESCC, which is usually preceded by chronic oesophagitis. The aim of this study was to assess the risk of development of premalignant lesions and the value of screening for any premalignant lesions in individuals who are susceptible after a long duration of corrosive ingestion or prolonged endoscopic dilatation. In 2013, Taylor et al [10] reported that ESD appears to progress over months to many years, depending on the grade. It is probable that severe dysplasia needs prompt treatment, moderate dysplasia needs treatment or periodic endoscopic follow-up and mild dysplasia can be followed at longer intervals. So, we re-biopsied the two patients who had mild-grade dysplasia by the use of chromoendoscopy. The Lugol's iodine solution used to detect the dysplastic areas of mucosa was sprayed onto the oesophageal surface from the gastro-oesophageal junction to the upper oesophageal sphincter using the dye-spraying catheter through the biopsy channel. This protocol is in agreement with the methods of Chibishew et al [12] , who reported that the routine endoscopic biopsy of normal-appearing mucosa or biopsies guided by tissue staining with Lugol's solution may increase the detection of dysplasia or mild oesophageal cancer. Narrow band imaging-magnifying endoscopy helps in visualization of oesophageal mucosa and surveillance of oesophageal precancerous lesions [21] . In conclusion, the histopathological examination of oesophageal mucosal biopsies in post-corrosive patients demonstrates evidence of chronic oesophagitis, intraepithelial inflammatory cellular infiltration and dysplasia. Dysplasia is a serious complication of post-corrosive oesophageal stricture for which screenings should be performed. The development of dysplasia was associated with several risk factors, but the number of dilatation sessions and duration since ingestion of the corrosive substance were not significantly associated with the risk of dysplasia development.
Suggestion for further research
High attention should be taken from the parents to avoid the availability of the corrosive substances in reachable areas for their kids. Chemical substances should not be stored in food containers. Implementation of preventive programme is very crucial to limit the use of corrosive materials. The use of other methods to detect oesophageal dysplasia, such as P53 immunohistochemical staining of the oesophageal mucosa, allows a more accurate diagnosis of dysplastic lesions, especially in the group of reactive atypia/ indefinite for dysplasia. Other suggestions for further research include the determination of molecular characteristics and genetic risk factors that may predispose individuals to oesophageal dysplasia. 
ARTICLE HIGHLIGHTS
Research background
Caustic ingestion continues to be a major health hazard in developed and developing countries despite continuing educational programs and legislation limiting the strength and availability of corrosive substances. It has been reported that the accidental corrosive substance ingestion is seen mostly among children younger than 5 year of age. Corrosive strictures are usually managed by endoscopic dilatation. The target is to dilate oesophageal strictures to a level that allows patients to tolerate a regular diet without dysphagia. The research in paediatric age group was very deficient so we are concerning about the histopathological changes in post corrosive oesophageal stricture in paediatric age and safety of endoscopic dilatation.
Research motivation
Dysplasia has been postulated to be a precancerous lesion of the oesophagus, which in turn is considered to be preceded by chronic oesophagitis. Patients with corrosive induced oesophageal strictures have more than a 1000-fold risk of developing carcinoma of the oesophagus. The incidence of cancer in corrosive strictures has been estimated to be 2.3% to 6.2%, and a history of caustic ingestion was present in 1% to 4% of patients with oesophageal cancer. Risk factors of oesophageal dysplasia in post corrosive stricture were chronic irritation at the site of the scar, local chronic inflammatory responses in the oesophageal mucosa, long latency period from the corrosive ingestion and genetics playing a minor role. The diagnosis of corrosion cancer should be suspected in patients with corrosive ingestion if after a latent period of negligible symptoms there is development of dysphagia, poor response to dilatation, or if respiratory symptoms develop in an otherwise stable patient of oesophageal stenosis. The significance of this study was to set strategy provide early detection of dysplastic changes of oesophageal mucosa in post corrosive stricture. The determination of oesophageal dysplasia which is the pre-neoplastic lesion for oesophageal squamous cell carcinoma provides the possibility of screening not just for early stage oesophageal squamous cell carcinoma, but also to screen for and treat the preneoplastic lesion itself.
Research objectives
The main objectives were to detect the possibility of oesophageal mucosal dysplasia after prolonged dilatation of post corrosive oesophageal stricture and to assess the relationship between duration since the corrosive ingestion and number of oesophageal dilatation sessions with degree of oesophageal mucosal dysplasia.
Hospital, from March 2015 to September 2016. The study included the patients older than 2 years of age who had established diagnosis of post corrosive oesophageal stricture on repeated endoscopic dilatation sessions for more than of six-month duration; of both sexes. Infants below 2 year and other causes of oesophageal stricture were excluded. Data included: history taking; age of onset of ingestion of corrosion, type of corrosion, age at the time of enrollment in the study, number of dilation sessions. Clinical examination included Anthropometric measures. All patients were evaluated on the 21 st post ingestion day with a barium swallow. Upper gastrointestinal endoscopic dilatation of oesophageal stricture was done for all patients with biopsy from the stricture site after at least six-month duration of regular endoscopic dilatation. Histopathological examination of oesophageal mucosal biopsy was performed for detection of chronic oesophagitis, inflammatory cellular infiltration and dysplasia. As regard the patients who had early grade dysplasia, we rebiopsied them after period of time ranged from 6 months to one year from the initial pathological assessment but with the use of the chromoendoscopy by Lugol's iodine.
Research results
This study included 100 patients, and males represented 63% of the patients. The mean age of the patients was 5.9 ± 2.6 years. The mean age at the time of corrosive ingestion was 21 ± 1.1 years. The general examination of the patients revealed that the median and range of weight and height by Z-score were -1.20 (-10.81-1.91) and -2.11 (-5.82-0.61), respectively. The majority (90%) of our patients ingested an alkaline substance (potash); 6% of them ingested a neutral substance (chlorine); and only 4% of them ingested an acidic substance (H 2 SO 4 ). The total number of endoscopic dilatation sessions were ranging from 16 to 100 with mean number of sessions was 37.2 ± 14.9. Biopsy specimens were obtained from the oesophageal stricture site at the time of endoscopic examination before the dilatation using biopsy forceps after at least six-month duration of regular endoscopic dilatation. According to the histopathological findings of specimens from the upper gastrointestinal endoscopy, group A: eighty-five patients (85%) had evidence of chronic oesophagitis, group B: thirteen patients (13%) had evidence of reactive epithelial atypia/indefinite for dysplasia, group C: only two patients (2%) had low-grade squamous dysplasia. The pathological follow up of two patients with low grade squamous dysplasia revealed the same grade of dysplasia. The patients with dysplasia should be followed up every year to evaluate the degree of deterioration as well as the group of patients with reactive atypia.
Research conclusions
This observational study is a single centre vast experience in which huge number of young children with post corrosive oesophageal stricture was screened for histopathological changes in oesophageal mucosa after long period of endoscopic dilatation. Oesophageal squamous dysplasia could be occurred in that young age. It has been reported that the accidental corrosive substance ingestion is seen mostly among children younger than 5 years of age. Corrosive ingestion in children may cause clinical manifestations varying from no injury to fatal outcome, including the risk for squamous cell carcinoma of the oesophagus. The endoscopic dilatation is considered the safest method for management of paediatric post corrosive stricture. Chronic oesophagitis is the most common histopatholgical findings in post corrosive patients. Dysplasia is one of the complications of post corrosive oesophageal stricture. The development of dysplasia had several risk factors but the number of dilatation session and duration since ingestion of corrosive substance didn't show statistically significant relation with development of dysplasia. Immense the awareness of patients with corrosive ingestion to report if after a latent period of negligible symptoms, there is development of dysphagia, or poor response to dilatation. This needs prompt medical consultation. Aim was to allow the early dignosis of dysplasia or cancer. We reported cases had low grade of dysplasia in spite of young age of patients included in the study. Long term follow up of the patients who had early grade dysplasia is mandatory for the future following years. To screen who became deteriorated to high grade dysplasia or carcinoma in situ with prompt treatment plan.
Research perspectives
High attention should be taken from the parents to avoid the availability of the corrosive substances in reachable areas for their kids. Chemical substances should not be stored in food containers. Implementation of preventive programme is very crucial to limit the use of corrosive materials. The use of other methods in future research to detect the oesophageal dysplasia as narrow band imaging technique in endoscopy.
